Cobalt(II), Nickel(II), Copper(II) and Manganese(II) complexes, having the general composition {M(L) 2 X 2 }, have been synthesized [where L= bis(pyridine-2-carbo) hydrazide(L), and X = Cl − ]. All the Metal complexes reported here have been characterized by elemental analysis, molar conductance, magnetic moments, IR, electronic and mass spectral studies. All the complexes were found to have magnetic moments corresponding to unpaired electrons. The possible geometries of the complexes were assigned on the basis of electronic and infrared spectral studies. On the basis of molar conductance values the complexes show 1:2 electrolytic nature. Newly synthesized ligand and its Metal complexes have been screened against Staphylococcus aureus (ATCC 25923), Staphylococcus aureus (ATCC 3160) bacterial species and Candida albicans (227) and Staphylococcus cereviscae (361) fungal species.
Introduction
N-substituted hydrazides are analogous to primary amino compounds, which act as negatively charged ligands toward metal ions 1 , coordination occurring through both the -NH 2 and CHO or C=O groups 2 in majority of the cases. The pyridine derivatives of N-substituted hydrazides have already been established to be potential chelating agents and some of them have been found to possess biological activity. N-substituted hydrazides are of wide interest because of their diverse biological [3] [4] [5] and clinical applications [6] [7] [8] . This created interest in researchers who have synthesized variety of hydrazide derivatives and screened them for their various biological activities. In the present study, we have made an attempt to collect biological properties of hydrazide derivatives reported in the new millennium. Transition metal complexes having the ability to bind and cleave DNA under physiological conditions are of current interests for their potential applications [9] [10] [11] [12] [13] in nucleic acid chemistry. Such complexes 14 are useful in foot printing studies, as sequence specific DNA binding agents, in genomic research and as diagnostic agents in medicinal applications. Much attention has been paid to biologically active metal complexes in recent years. Oxygen and nitrogen donor ligands 15, 16 have been widely studied due to their high potential to coordinate with transition metals. Compounds containing azomethine nitrogen and carbonyl oxygen groups [17] [18] [19] [20] [21] [22] have important position among organic reagents as potential donor ligands for the transition metal ions. Organic compounds and metal complexes [23] [24] [25] [26] both display a wide range of pharmacological activity including anticancer, antibacterial, and fungi static effects.
Our research was on going to establish the fact that non-biologically active compounds become biologically active and less biologically active become more upon coordination /chelation with metal ions. In this article, we synthesized the bis(Pyridine-2-carbo) hydrazide and its metal complexes, were characterized by IR, NMR, Molar conductance and magnetic moments, elemental analysis, mass spectrum, and UV-Visible spectroscopy. Hydrazide ligand and their metal complexes were screened for their antimicrobial activity against Staphylococcus aureus (ATCC 25923), Staphylococcus aureus (ATCC 3160) bacterial species and Candida albicans (227) and Staphylococcus cereviscae (361) fungal species. The hydrazide showed varied antibacterial and antifungal activity against one or more strains respectively and their activity was enhanced on coordination or chelation.
Experimental
All the chemicals used in the present investigation were of the analytical reagent grade (AR). Pyridine 2-acetyl chloride (Fisher Scientific), Hydrazine (Chemical Drug House, India), all metal salts and solvents (Qualigens Fine Chemicals, India) were purchased and used as received. The elemental analysis (C, H, N) done at the Regional Sophisticated Instrumentation Centre, Central Drug Research Institute, Lucknow. 1 H NMR and 13 C NMR spectra of the samples were measured in DMSO-d 6 at IIT Delhi, India. The IR spectra were recorded as KBr pellets using a Perkin-Elmer 783 spectrophotometer in the range 4000-400 cm -1 . UV-vis spectra of the complexes were recorded on a Shimadzu UV-1601 spectrophotometer.
Synthesis of Hydrazide Ligand

Bis(Pyridine-2-carbo) hydrazide
In a round bottom flask (100 mL), a methanolic solution (10.0 mL) of Pyridine 2-Acetyl chloride (0.02 m mol, 2.62 mL) and an aqueous methanolic solution (10 mL) of hydrazine (0.01 m mol, 0.32 g) were taken and stirred at room temperature for 30 minutes after then the reaction mixture refluxed at 65 0 C for 12 h. The resulting solution was cooled at room temperature and after the completion of this reaction; the reaction mixture was monitored by thin layer chromatography. After this, the reaction mixture was taken in chloroform and washed with water (3×20 mL) (thrice) and then with brine solution (3×20 mL) (thrice). The organic layers were collected and then evaporate the solvent under reduced pressure to afford the product (Scheme 1). 
General Procedures for the Synthesis of Metal Complexes via the Reaction of Ligand
In a round bottom flask (100 mL), a mixture of ligand (0.002 mol, 0.484 g) in an aqueous ethanolic solution (15 mL) and a solution of [CuCl 2 .2H 2 O (0.001 mol, 0.0462 g)] in an methanolic solution (10 mL) were taken then the reaction mixture was refluxed at 75 0 C for 18 h. The resulting solution was cooled at freezing point 4 0 C, after the completion of this reaction; the reaction mixture was monitored by thin layer chromatography. After this, the reaction mixture was taken in chloroform and washed with water (3×20 mL) and then with brine solution (3×20 mL). The organic layers were collected and then evaporate the solvent under reduced pressure to afford the product; a bluish crystalline solid was obtained. Similarly, other complexes have been synthesized and well characterized as above. 
Microbiology Assay
For the antibacterial and antifungal assays, the compounds were dissolved in dimethylformamide. Further dilutions of the compounds and standard drugs in the test medium were prepared at the required quantities of 500 and 1000 ppm concentrations with dextrose broth. The minimum inhibitory concentrations (MIC) were determined using the two fold serial dilution technique. A control test was also performed containing inoculated broth supplemented at the same dilutions used in our experiments and found inactive in the culture medium. All the compounds were tested for their in vitro growth inhibitory activity against different bacteria and the fungus. Origins of bacterial strains are S. aureus ATCC 29253, S. aureus ATCC 3160, as Gram-positive. Gentamycin and Amphotericin B were used as control drugs. The data on the antimicrobial activity of the compounds and the control drugs as MIC values are given in Table 1 . The cultures were obtained from SRL broth for all the bacterial strains after 24 h of incubation at 37 0 C. C. albicans were maintained in dextrose broth after incubation for 25 0 C at 24 h, testing was carried out in dextrose broth at pH 7.4 and the two fold serial dilution technique was applied. A set of tubes containing only inoculated broth was used as controls. For the antibacterial assay after incubation for 37 0 C at 24 h and after incubation for 48 h at 25 0 C for the antifungal assay, the last tube with no growth of microorganism and/or yeast was recorded to represent the MIC expressed in ppm. Every experiment in the antibacterial and antifungal assays was replicated twice and the data is given in Table 2 . 
Results and Discussion
Infra Red Spectra
The Infrared spectra of the complexes were obtained in the range 4000-400 cm -1 . Several important observations concerning the mode of coordination in these complexes are possible from these data. These are: (1) the carbonyl stretching frequencies provide a very important clue in the elucidation of structures. In a unionized carboxylate group, the C=O stretching vibration appears above 1700 cm -1 .
(2) Infrared spectra of a large number of amine and ammine complexes have been examined by several authors, generally with satisfactory agreement as to exact frequencies in a given compound. The assignment of absorption in the 3000-3300 cm -1 region to N-H stretching frequencies is beyond doubt. It is apparent from the available data that coordination of amines lowers the N-H stretching frequencies by 100-150 cm -1. It has been proposed that the major cause of this lowering is the drainage of electrons from the nitrogen atom which, in turn, weakens the N-H bond. In the absence of these data on some of the free substituted pyridine hydrazine or their salts we compare the spectral band especially above 3000 cm -1 in the metal complexes with their corresponding N-substituted hydrazide, that almost all the absorption bands observed above 3000 cm -1 , assigned to N-H or NH 2 stretching vibrations, are shifted to lower wave numbers in the complexes as compared to the corresponding free ligand. We interpret the observed shifts to lower energy in the complexes as arising from nitrogen coordination to the metal ions. Electrochemically, N (1) attached to the carbonyl group in Pyridine 2-Acetyl chloride, should be incapable of bond formation; hence, N (2) is believed to be involved in coordination to metal ion in its complexes. (3) N-N stretching vibration can be assigned on the basis of preceding work. It has been shown that if the hydrazine radical is attached with a conjugated system then N-N stretching occurs at about 1000 cm -1 , either if the resulting group is chelated or not. The distinction between chelated and non-chelated N-substituted pyridine hydrazide has been made only by broadening of this band in the chelate. In all our complexes ν (N-N) vibration appears in the 1030-950 cm -1 region. The slightly broad character of this band in all complexes may be taken as evidence for the nitrogen involvement in the bond formation. Manganese(II), Copper(II), Cobalt(II), and Nickel(II) complexes of N-substituted pyridine hydrazide have been studied in considerable detail and although some derivatives are considered to coordinate solely through nitrogen the majority of they contain ν(M-N) 27 bonds.
H and 13 C NMR Spectra
1 H NMR spectrums show a signal in the range  8.03-8.08 ppm, these signals were the evidence of the carbon-nitrogen bonding to the ligand. 13 C NMR spectrum of complexes display a signal at  150.23-151.45 ppm and  162.76-163.54 ppm, due to (C-N) and (C=O), which was indicating that carbon atoms of carbon-nitrogen groups and oxygen atoms of carbonyl groups participate to the ligand.
Molar Conductance
The molar conductance values of all the complexes having bivalelent metal ions lies in the range 122 -165 ohm -1 cm 2 mole -1 corresponding to 1:2 electrolytic behavior 28 .
Electronic Spectra and Magnetic Moments
In the spectrums of UV-Vis spectroscopy, the electronic spectra of Mn(II) complexes show two bands in the regions 22500 -22650 and 18500 -18850 cm -1 which may be assigned to 6 A 1g → 4 T 2g and 6 A 1g → 4 T 1 g (G) transitions, respectively, suggesting octahedral environment around the Mn(II) ion 29 . The magnetic moment 4.88 is an additional evidence for an octahedral structure. The electronic spectra of the cobalt(II) complex showed three bands at 8780-8810, 17475-17775 and 30235-30270 cm -1 , which may be assigned to 4 T 1g → 4 T 2g (F), 4 T 1g → 4 T 1g (P), and 4 T 1g → 3 A 2g (F) transitions, respectively, and suggested octahedral geometry [30] [31] around the cobalt ion. The electronic spectra of the copper(II) complex display a broad band at 14920 cm -1 due to 2 B 1g → 2 E g and two bands at 16390 and 27250 cm -1 assigned to d-d transitions and a charge transfer band respectively, of an octahedral environment. The magnetic moments in such complex, as in apparent, lie appreciably above the spine-only value (1.73 BM), but as the electronic ground states are non-degenerate this cannot arise from inherent angular momentum in the ground state. It arises due to mixing of some orbital angular momentum from excited states via spin orbit coupling. The copper (II) complex exhibit magnetic moments of 1.78 B.M., respectively, at room temperature. These values are quite close to the spin-allowed values expected for an S =1/2 system and may be indicative of a distorted octahedral geometry around copper (II) ion. The nickel(II) complex was insoluble in common organic solvents and water. The compound was soluble in coordinating solvents, pyridine and DMSO, presumably by displacing water molecules from the coordination sphere. The nickel(II) complex exhibited three bands at 9960-10165, 15850-16155 and 29940-29985 cm -1 assignable, respectively to the transitions 3 A 2g (F)→ 3 T 2g (F) (ν1) , 3 A 2g (F) → 3 T 1g (F) (ν 2 ), and 3 A 2g (F) → 3 T 2g (P) (ν 3 ), which are characteristic of nickel(II) in octahedral geometry. Magnetic behavior of octahedral nickel(II) complex is relatively simple. From both the simple 'd' orbital splitting diagram and the energy level diagram, all the octahedral complexes of the divalent nickel should have two unpaired electrons. The experimental magnetic moment values usually lie in range 2.9 to 3.4 BM, a little higher than spin only value (2.83). The magnetic moment value of N-substituted hydrazine complex is 3.14 BM, indicating the octahedral arrangement of ligand around nickel(II) ion in the complex. The electronic spectra of the cobalt(II) complex showed three bands at 8780-8810, 17475-17775 and 30235-30270 cm -1 , which may be assigned to 4 T 1g → 4 T 2g (F), 4 T 1g → 4 T 1g (P), and 4 T 1g → 3 A 2g (F) transitions, respectively, and suggested octahedral geometry around the cobalt ion. The cobalt(II) complex shows magnetic moment values 32 of 4.85 B.M. at room temperature. This high value of the magnetic moments and the stoichiometries suggest a coordination number of six for the central cobalt(II) ion and an octahedral geometry. On the basis of the above observations, it is tentatively suggested that all of the complexes show an octahedral geometry (Scheme 2) in which the two ligands act as bidentates. These possibly accommodate themselves around the metal atom in such a way that a stable chelate ring is formed giving, in turn, stability to the formed metal complexes.
Conclusion
In this article we have described that the all the synthesized transition metal complexes of Bis(Pyridine-2-carbo) hydrazide has octahedral geometry. The results of antimicrobial activities show that the metal-complexes exhibit antimicrobial properties and it is important to note that they show enhanced inhibitory activity compared to parent ligand. All the investigated compounds showed less to good activity against S. aureus.
